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Aromatic Oligoamide Foldamers as Versatile Scaffolds for Induced 
Circularly Polarized Luminescence at Adjustable Wavelengths  
Eric Merlet,a Kevin Moreno,b Arnaud Tron,b Nathan McClenaghan,b Brice Kauffmann,c Yann 
Ferrand*a  and Céline Olivier*b 
Quinoline oligoamide foldamers appended with non-chiral 
fluorophores and derivatized with a camphanyl chiral inducer 
display strong chiroptical properties at tunable wavelengths as 
proved by CD and CPL spectroscopies. Induced CPL activity with 
high luminescence dissymmetry factors was observed in the visible 
range at wavelengths specific to the fluorophores.  
The development of molecular architectures exhibiting strong 
circularly polarized luminescence (CPL) is highly desirable.1 CPL 
active molecules have sparked growing interest due to the 
resolution provided by the circular polarization of light which 
holds promising potential applications for advanced 
technologies such as 3D optical displays,2 spintronic devices3 or 
bio-imaging.4 However, circularly polarized light is often 
obtained from a non-polarized light source through filters, and 
generally results in brightness loss and complex device 
architectures. Thus, strong incentives exist to develop systems 
or devices that can emit CP light directly.5 In this context the 
design of organic chiral (macro)molecules and supramolecular 
systems showing strong CPL activity is essential. While 
extensively developed, CPL-active small organic molecules 
usually exhibit small levels of circular polarization and the scope 
of chiral designs remains limited.6 At the molecular level, a 
helical pattern is arguably the architecture that best expresses 
chirality. Helicenes7 and other organic helical structures such as 
polymers or short oligomers of optically-active subunits8,9 are 
prominent examples for the generation of CPL from helical 
backbones. 
 Among organic helical structures, aromatic oligoamide 
foldamers represent a versatile class of synthetic oligomers that 
adopt highly stable and predictable folded conformations in 
solution due to stabilizing intramolecular interactions (e.g. 
hydrogen bonds, electrostatic repulsions) between adjacent 
units (Fig. 1a).10 In particular, conformational studies of 8-
amino-2-quinolinecarboxylic acid oligomers have been 
thoroughly investigated.11 The parent amino-acid monomers 
bear  substituents oriented at 60° thus giving rise to helices with 
2.5 units per turn and a pitch of 3.5 Å. A complete handedness 
preference can be induced through N-terminus 
functionalization using a camphanic acid moiety12 resulting in 
either the right-handed P or the left-handed M enantiomers 
that show strong chiroptical properties.13 A key feature of 
aromatic foldamers is their sequential nature which allows 
synthetic flexibility and provides highly modular structures that 
can be readily decorated by peripheral substituents (e.g. 
fluorophores) with atomic precision. Additionally, aromatic 
foldamers have been shown to promote efficient photoinduced 
charge transfer over long distances through multi-dimensional 
charge transport mechanisms.14 Herein, we report the design, 
preparation and chiroptical characterisation of helically folded 
organic CPL emitters based on an aromatic oligoamide 
backbone. These helical oligomers provide a chiral scaffold, 
which was functionalized by a range of fluorophores which 
display induced CPL in the visible range, primarily from 
inherently non-chiral fluorophores.  
 Optically pure tetramers 1-4 were prepared using 
convergent synthetic strategies and derivatized at the N-
terminus using either (1S)-() or (1R)-() camphanyl moieties to 
provide either (1S)-P or (1R)-M enantiomeric helices, 
respectively.12 Sequence alignment of P/M 1-4  is shown in Fig. 
1b. Quinoline tetramer 1 without additional fluorophore was 
designed to serve as a reference compound.15 For the purpose 
of this study, three new monomers were prepared by 
functionalizing position 4 of the 8-amino-2-quinolinecarboxylic 
acid skeleton. QDP, QDF and QCz were equipped with 4,4'-
dimethoxy-diphenylamine, bis(9,9-dimethyl-9H-fluoren-2-
yl)amine and phenylcarbazole fluorophores, respectively. 
Tetramers 2, 3 and 4 were then prepared by inserting QDP, QDF 
and QCz units in the second position of their respective 
sequences (Fig. 1c). The synthesis of the newly designed 
monomers and oligomers are described in detail in the 
supporting information. The molecular model of oligomers P-1, 
P-2, P-3 and P-4 have been obtained using molecular mechanics 
calculations and shown in Fig. 2. The single crystal X-ray 
structures of the racemic precursors of 2 and 4 (i.e. before 
derivatization with camphanic acid) were also obtained via the 
slow diffusion of hexane into a solution of the helix in 
chloroform. Interestingly, the solid state structure and the 
model revealed a good match thus validating the accuracy of 
the MM calculation. 
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Fig. 1 a) Structure of quinoline-derived oligoamide tetramers with camphanic chiral 
inducer at the N-terminus. b) Schematic representation of quinoline (Q) oligoamide 
tetramers 1, 2, 3 and 4 prepared for this study. c) Structural formulas of the chiral 
inducers (camph*) and of the substituents (R) diverging from the quinoline monomers. 
 
Fig. 2 Side views of energy minimized structures (Maestro version 6.5 using MMFFs force 
field) of: a) P-1, b) P-2, c) P-3 and d) P-4. X-ray crystal structure (top view) of the P helix 
of e) QQDFQQ (precursor of 3) and f) QQCzQQ (precursor of 4). The helices are shown in 
stick representation and color-coded as in Fig. 1. The non-polar hydrogens are omitted 
for clarity. Red spheres denote the position of isobutoxy side chains. 
 The opto-electronic properties of the eight tetramers P/M 
1-4 were assessed through UV-visible absorption and 
fluorescence emission spectroscopies in solution. The 
electronic absorption and emission spectra of the P-helices in 
chlorinated solvents are represented in Fig. S1 and S2, and the 
corresponding data is regrouped in Table 1. Additional solution 
studies are reported in the ESI (Fig. S4, Table S1). Tetramer 1 
shows intense absorption bands of the quinoline oligomers in 
the 250−400 nm range,14c that can be ascribed to * 
transitions within the quinoline cores. Additionally, tetramers 2 
and 3 show a less intense absorption band located in the visible 
range which is ascribed to the absorption of the appended 
chromophore. The new absorption bands are located atmax = 
430 nm for 2 (bearing a dimethoxydiphenylamine group) and 
atmax = 440 nm for 3 (bearing a bis(dimethylfluorenyl)amine 
group). Tetramer 4 shows similar features as 1, although with 
slightly red-shifted absorption bands, the lowest-energy band 
being located at 360 nm. 
Table 1 Absorption and luminescence properties of 1-4. 
 
abs/nm a 
(/M-1.cm-1) 
em.  
/nmb 
lum 
/% c 
glum x 103 (/nm)d 
P-Helix M-Helix 
1 
323 (32 600) 
350 (28 700) 
479 1.4 
+11.3 (424) 
+7.2 (445) 
-12.2 (424) 
-7.3 (445) 
2 
325 (27 500) 
349 (24 000) 
430 (8 700) 
630 1.2 -1.3 (583) +1.3 (583) 
3 
344 (56 300) 
440 (12 900) 
594 16.4 -1.2 (550) +1.2 (548) 
4 
328 (25 800) 
343 (26 400) 
360 (24 700) 
471 1.0 
+4.7 (438) 
+3.9 (455) 
-4.6 (438) 
-3.7 (455) 
a Maximum absorption wavelength in CHCl3 (C = 2.5 x 10-5 M). b Emission 
wavelength maximum in CH2Cl2 (1 and 4 : exc = 370 nm; 2 and 3 : exc = 440 nm). c 
Fluorescence quantum yield. d Luminescence dissymmetry factor and 
corresponding wavelength. 
 The luminescence spectra of the oligoquinolines show one 
non-structured emission band. The maximum emission 
wavelength of 1 is located at 479 nm with fluorescence 
quantum yield lum = 0.014. On the other hand, the emission of 
2 and 3 lies much further towards the red. This is attributed to 
electronic energy transfer to low-lying chromophore excited 
states, both tetramer-conjugates displaying a broad emission 
band in the range 500-750 nm, with maximum intensity at 630 
nm and 594 nm, for 2 and 3, respectively. The fluorescence 
quantum yield of 2 is in the same range as 1 (lum = 0.012) 
whereas that of 3 is greatly increased (lum = 0.16) due to the 
fluorenyl moiety. The emission of 4 is similar to 1 with an 
emission band centred at 471 nm and a fluorescence quantum 
yield lum = 0.01. Time-resolved luminescence decay 
measurements provided the luminescence lifetime of the 
tetramers (Fig. S3). The lifetimes of weakly emissive 1, 2 and 4 
are sub-nanosecond, whereas a much longer value was 
measured for 3. The 7.2 ns luminescence lifetime of 3 mirrors 
the measured enhanced emission quantum yield. 
 The chiroptical properties of tetramers 1-4 were first 
investigated by circular dichroism (CD) spectroscopy. The 
electronic CD absorption spectra of their P and M enantiomers 
are shown in Fig. 3. Oligomer 1 shows intense absorption bands 
in the 230-430 nm range, characteristic of the oligoquinoline 
chromophoric scaffold.12,13 By analogy with previously reported 
quinoline oligoamides, the positive sign of the bands observed 
around 400 nm for the enantiomer bearing the (1S)-(―)-
a) b) 
c) 
e) f) 
d) 
 camphanyl group indicates a P handedness. Conversely, the 
negative sign of the bands observed for the enantiomer bearing 
the (1R)-(+)-camphanyl group implies M handedness.11b,12 The 
CD spectra of 2 and 3 similarly show strong absorption bands in 
the 230-430 nm range although Cotton effects are observed in 
this region. The change in chiroptical activity in this region, in 
comparison with 1, indicates a slight perturbation of the 
electronic states of the oligoquinoline scaffold upon 
functionalization. More interestingly, an additional absorption 
band is observed in the CD spectra of 2 and 3 in the visible 
region,  = 440 nm, corresponding to the absorption of the 
diarylamine chromophores. The chiroptical activity in this 
region confirms that the ground state energy level of the 
inherently achiral chromophores is effectively perturbed by the 
helical scaffold on which they are grafted. As expected from the 
UV-vis absorption properties described above, the CD spectra 
of 4 and 1 are similar. 
 
Fig. 3 CD spectra recorded in CHCl3 (C = 100 µM, 298K) for (a) P-1 (black, plain), M-1 
(black, dashed); (b) P-2 (orange, plain), M-2 (orange, dashed); (c) P-3 (green, plain), M-3 
(green, dashed); (d) P-4 (purple, plain), M-4 (purple, dashed). 
  The chiroptical emission properties of the tetramers 
were investigated by CPL spectroscopy in order to scrutinize the 
chirality of the fluorophores in the excited state. The CPL and 
total photoluminescence spectra recorded in chloroform are 
shown in Fig. 4. The four tetramers show intense chiroptical 
activity and opposite signals are observed for the two 
enantiomers of each aromatic oligoamide. The wavelength 
ranges of circularly-polarized emission perfectly matches the 
total photoluminescence. Hence, 1 and 4 show CPL activity in 
the 400-500 nm region, while 2 and 3 show strongly red-shifted 
CPL signal with emission wavelengths ranging from 500 to 700 
nm, the CPL signal reaching a maximum intensity at = 583 nm 
for 2 and  = 550 nm for 3. The optical activity in this region 
indicates that the chirality transfer from the helical scaffold to 
the inherently achiral fluorophore, as observed by CD at the 
ground-state for 2 and 3, is conserved in the excited-state, and 
thereby, induced CPL is produced at longer wavelengths, 
compared to the parent oligoquinoline. In addition, the sign of 
the signals follows the same trend as the CD absorption spectra, 
specifically P-1 and P-4 show positive signals while P-2 and P-3 
lead to a negative signal (and conversely for the M helices). 
 
Fig. 4 CPL spectra (top raw) and total photoluminescence spectra (bottom raw) recorded 
in CHCl3 (C = 25 µM, 298K) for (a) P-1 (black, plain), M-1 (black, dashed); (b) P-2 (orange, 
plain), M-2 (orange, dashed); (c) P-3 (green, plain), M-3 (green, dashed); (d) P-4 (purple, 
plain), M-4 (purple, dashed). exc = 370 nm.   
The magnitude of CPL is quantified by the luminescence 
dissymmetry factor, glum, which is given by the equation glum = 
2(IL - IR) / (IL + IR), where IL and IR are the intensities of the left- 
and right-handed circularly polarized emissions, respectively. It 
is worth to note that intrinsically chiral non-aggregated small 
organic molecules with axial, planar or helical chirality typically 
afford glum factors in the range of 10-3-10-5.6 The calculated 
luminescence dissymmetry factors of tetramers 1-4 and 
corresponding maximum wavelengths are listed in Table 1. The 
first observation concerns the benchmark tetramer 1 which 
affords remarkable glum values of +0.011/-0.012 at 424 nm and 
+0.007/-0.007 at 445 nm, for the P/M helices, respectively. 
These glum are about one order of magnitude higher than 
standard dissymmetry factors reported for helicenes,6,7 and 
thus, through these values, quinoline-derived oligoamides 
proved to be an excellent tool to obtain a high degree of circular 
polarization of emitted light. Moreover, during the course of 
our study Jiang et al. reported native chiral emission from a 
series of fluorophore-free oxazolylaniline-derived quinoline 
oligoamide foldamers.16 The study led to similar results thus 
confirming our findings for the bare tetrameric helix 1. 
 More interestingly, the glum factors estimated at the vicinity of 
the maximum emission wavelength for 2 and 3 are -
0.0013/+0.0013 and -0.0012/+0.0012 at 583 nm and 550 nm, 
respectively, for the P/M helices. Thus, although one order of 
magnitude lower than those of 1, the luminescence 
dissymmetry factor of 2 and 3 remains relatively high and 
comparable to other organic CPL emitters.6-8 The tetramer 4 
  
gives strong glum values of +0.0047/-0.0046 at 438 nm and 
+0.0039/-0.0037 at 455 nm, however the absorption and 
emission of the carbazole group occur in the same wavelength 
range as the quinoline oligomer (see above) and thus it was not 
possible to conclude about the origin of the signal in this case. 
Overall the high magnitude of glum values observed upon chiral 
induction from the helical scaffold to the appended 
fluorophores proves that a strong electronic coupling exists 
between the quinoline oligoamide foldamer and the 
fluorophore, thereby allowing effective chirality transfer 
through functionalization of the foldamers. 
 In conclusion, a series of eight fluorescent quinoline 
oligoamide tetramers was readily synthesized for assessment of 
their chiroptical properties. Tetrameric helices appended with 
inherently non-chiral fluorophores were derivatized with a 
camphanyl chiral inducer for complete handedness induction, 
leading to P- and M-helices selectively. As expected, strong 
chiroptical properties were observed as proven by CD and CPL 
spectroscopies. Most strikingly, induced CPL signals with high 
luminescence dissymmetry factors were observed in the visible 
range at wavelengths corresponding to the emission of the 
fluorophore. We therefore demonstrated that chirality transfer 
occurs from the helical scaffold to the appended fluorophore, 
even at the excited-state. Overall, the high modularity of the 
foldamer backbones can afford readily adjustable CP-emission 
wavelengths. Further rational molecular design as well as 
theoretical calculations are currently in progress in view of 
increasing the CPL response of such systems. 
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